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FOREWORD

Tn i897%, the Department of Water Hesources adopted a welsr mensge-
ment policy that doeclinded the concept, "lnstresm webter uses Tor recrestion,
ek, wildiife, and related purposes shall be balsnced with other uses™.

"Other uses ., of course, meant mainly the pormal veater-supply uses This

o Y

new coneept led to oan Instreasnm Water Use Progrem in the Department with the

ghjective of flnding opportunities Lo dmprove flows in stresms for enhsnces

aili

a

ment of stresmside recvembtion, fish snd wildlife hebiitet, sesthetic walue,
and riparisn vegetation.

Coe cpportunity identified Wy the program was the possibility of
revising the opersticn of Antelope Beservolr, s part of the Stale Water
Froject, to incresse sumer flows in Indisn Creek, a tribubery of the Easth
Branch Horth Fork Feather River. A revised operation was begun in March
1978, mnd the impact on Indian Creek and Antelope Reservolr wis monitored
Tor thres verrs.

This report describes the monltoring program snd the sffsols of
the revised operation on Indian Creek and Antelope Heservelr, and reconmends

a fubure operstion schedules for Antelope Reservolr.
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THTRODUCTION

Thig report swmarizes studles by the Californis Departments of
Water Resources (DWH) mnd Fish end Geme (DFS) o svaluate the operation of

Antelops Reservolyr.  The purposge of the svaluation was to determine 18 a

£y

revised operation of the ressrvolr could fmprove troad hshitst and streaps
glde recrestlion in Indlan Creek, with o minimel effect on fntelope Feservolr
recrastion.

We dlscuss thres opsrating scheduler for the ressrvolr Tha
"nriginal” schedule prevailed from the time the reservoir was nempleted
mbil 1878, The "revised” schedule was used the past three yesrs to meke
this study, snd we recompend that 1% he continued. A "possible slternative”

scheduls will be discusged bub net recommendsd for use,

ut.i

The origlnel schedole provided flows of 055 o /S from Aprll
Y r ) - .‘3 L9 Al 3 & b E |
thyrough June and 0.28 m/s for the rest of the year. The revised scheduls

3 . . s , .y
maintains 0.56 n”/s year-round unless, as with the other senadules, rediaome

oF

lons im Tiew are pecessary In dyy years. L possible alteroative of
85 /e yeasr-round is relected because of undesireble effechts on Anbel Lpe

Leke. To verying degrees, all of these flows benefit fiszh in Dreek,

becausse the pre-project summer flows were Loo low Lo suppor
Anteliope Hegervolr s one of three upper Feather River reservoirs
built ay purt of the State Wabter FrojJect., It wes completed in Decspber 1963
and beceme operational in 106k, Tt hes two primery purposes, ressrvolr
recresatlon sand dowastresn faberies enbancement,
In 1976, DWR fdentified seveva) stvesms that alght benefit from
the Ingtream Flow Program {(DWE, 1679). Indisn CUreel provided sn ldesl

opportunity for streanflov enhancement becsuse Antelope Reservoir is s wnit
of the State Water Project, Its inflow grestly exceefs the scheduled relesss,
wd waber rights sgreements relating bto the project require thet waher
relenses fymm.ﬁtmragﬁ be uwsed only for downstresm Clow anhancement.

P flshing and other stresmslde recrsstion along Indlsn Creek can
be Increased without signlficant lupect on Antelope Reservoeir recreation,
the recrestion opportunities in the Plumas Hetlconsl Forest would be enbanced.

Btresm trout fishing Is high guality, speoislized resrestion, penerally

o
W

deciining in availability, The 1. B, Fovest Pervies (L8PS

b oencourages dis-
persed recrestion of this type to minindze the lwpect of incressing use on

forest recrestion lands.

fDe
-+
=
;.;,
Jaat
it
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%-e

o 0p¥0uﬁt9waﬂﬁfﬁﬂ Falls, s e sove bhe mouth of Indlan Creel,
ig one the Zovelliest spots slong the ar@@k, It dls a faverite with
e e st j colats.

s fishery,



CONCLUSTONS

Recreation use at Antelope Reservolr and downstresm along Indian Creek
far exceeds the use levels estimated when the reservolr was bullt,

Reservolr recreation is reported to be sbout three times the predicted
1980 level, and Indien Creek recreation is sbout 30 percent higher then

was forecast.

The originsl reservoir operation provided flows in Indien Creek more
than three times the pre-project late summer flows (0.28 mg/w VErsus
gbout 0.085 mﬁ/a)“ This flow schedule increased trout habitat in upper
Indian Creek about five times over pre-project conditions with a

corresponding ioncresse in trout populations.

A proposed further increase in the mid-summer, fall, snd winter relesse
from 0.28 to 0.56 mg/& roughly doubles trout habitat in upper Indisn

Creek from the existing levels.

Datea collected during a three-yesy trisl of this revised operation
indicate trout populations in upper Indlen Creek are incressing due to
the higher flow. PFighing use and guality should begin to increase as

anglers discover the larger trout populations.

Higher flows in Indian Creek seem to atbract more fishing use for sube-
Jective reassons related to the sppesrance of the stresm. Anglers
associgbe higher flows with better fishing and know thet reservolr
gpills sllow reinbow trout to leave Antelope Reservolr and enter Indian
Creek. The catch of both reinbow trout and brown trout increases with

streamflow up to 2.3 m3/@*

In addition to downstresm fishery and recrestion enhsncement, the
revised operation schedule provides minor incresses in hydroelectric
energy production snd water supply to Oroville Reservolr. It also

slightly reduces spill from Antelope Reservoir in some years.

Potentisal detriments of the proposed revised operation include minor
decreases in aesthetic quality of the reservolr recreation, slightly
more difficult access to the leke shore and boat ramp, end s slight
reduction in mid-summer water surface and reservolr fish production.
None of thege impacts 1s considered important for the proposed opers-

tion schedule.



E«Q #*

11.

The proposed coperatlion schedule did not measuvrably affect recrestlon use
or fishing success oo Antelope Reservolr during the three-year study

period.

A possible slternative operation schedule providing a relesse of
0.85 mB/ﬂ year-long to Indlan Creek could further incresse downstresm

benefits, but would heve greater negative lmpacts on Antelope Reservoir.

The Februsry 1 forecast of runoff conditions can be used to reduce the
reservoir release in exceptionally dry years (less than 50 percent of
normel), thus avoiding several months of higher winter sand spring flows
thet would cause low weber levels lpn Antelope Reservolr the following

summe Y.

Water guelity conditions in Indlan Creek below Antelope Dam are getige
factory for trout production with both the original operetion schedule
and the proposed schedule., In late suwmer the first 3 km of stream
below the dew has an unplessant odor and & reddish asppesrsance ceused by
the precipitetion of iron from water released from lower depths of
Antelope Reservoir. These conditions do nobt seem to sffect trout pro-
duction in the stream, but are sesthetlcally displeasing to recrestlone-

ists for the lsst two months of summer in most yesars.



RECOMMENDATTONS

The operstion and maintensnce nmanuel for Antelope Reservoir should be
revised to provide a downstream release of 0.56 mj/w yesr~long with
reductions to 0.28 or 0.1h mﬁ/& in dry years when the reservolr does

not f£ill by June 1 (Appendix B, Table 2).

The Februsry 1 forecast of runoff from the drainsge above Antelope
Regservolr should be used to predict runcff conditicons. Downstream
releagses should be reduced in early Pebrusry during vesrs when the
expected runoff is less than 50 percent of normal or when it appears

the reservolr will not £111 by June 1. The lower relesse would continue

until the reservoir isg forecast to {ill.

A revised Use Permit should be obtained from the U. 8. Forest Service
for the operstion of Antelope Reservoir. It should reflect the new

opereting criteria, including the dry year reductions.

Fish populetions and relsted fishing use in upper Indisn Creek should

be monitored in 1981 and 1982 to document changes now occurring.

DFG should try to mevage the Antelope Reservolr fishery so ass to reduce

the need for draining to remove non-game specles,

Photo opposite--Antelope Dam and Reservolr, Plumes County.
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DEGCRIPTION OF STUDY AREA

Indian Creek is & msejor tributary of the East Branch North Pork
Feather River (Figure 1). Below Antelope Reservoir, Indian Creek flows
rapidly through a steep, forested canvon to its confluence with Red (lover
Creek. Here, Indlen Creek enters Genesee Valley and wmeanders several miles
through large ranches. It then enters another open~forested canyvon for
several mliles and then flows through Indian Valley near Taylorsville.
Indlan Vaelley is used heavily for catbtle grazing, snd the creel is extenw
slvely diverted for irrigation of pasture lands. It finelly enters s
spectacular gorge along State Highway 89 and cascades down to its confluence
with Spanish Creek.

Before construction of Antelope Reservolir, Indisn Creek hed high
spring and early summer flows (1.4 mg/ﬁ and sbove) and flows less than
0.3 mg/ﬁ the rest of the yesr. Minimum flows aversged about 0.1 mﬁ/mu
Average snnual runoff st Antelope Dam is sbout L6 600 dam”. The reservoir

has a storage capacity of 27 835 d&m3

st a normel weter purface elevation of
1 524.6 m. The summers sre warm and dry, with most of the precipitetion asg

snow in winter. Precipitation varies from 40 to 200 cm annually.
PROJECT HIBTORY

Historically, Indian Creek wasg considered to be & rainbow trout
stream. However, fish populstion surveys made by DFG as early as 1962 indi-
cated that both reivbow and brown trout were present, with brown trout
usually dominent (Gerstung, 1973, and unpublished data}. It was planted
with fingerling and catchable~-sized reinbow trout annually between 1950 and
1955, then with only catchable-sized trout through 1963. Ope small plant of
eastern brock trout was reported in 1963. Plants of fingerling brown trout
were made in 1967 and 1973 (Appendix E).

A creel census in 195% -on lower Indian Creek, from Crescent Mills
to the mouth, showed limited use. About the same time, the upper resches of
the stream, above Hungry Creek, became popular for recrestion. As construc-
tion of Antelope Dam began in 1962, DFG assessed the proposed operation
schedule for the reservoir. 4 creel census on lower Indlen Creek showed a

marked incresse in the recrestion use of the creek since 1655,



DFG biologists measured several transects to evaluate stream depth, spawning,
and food production over a range of streamfliow conditions. Information from
these studies, historic streamflow conditions in the ares, and DFG's
knowledge of the stream fishery were used to formulabe the instresm flow
release schedule for the reservoir {(Jones and Stokes Associates, 1976).

DFG and DWR sgreed on & flow release schedule from Antelope Dam,
)

which was approved by the USFS and U. 8. Figh and Wildlife Ssrvice {USFWS).
DFG recommended flows of 0.56 mﬁ/ﬁ during the spring spawning months snd
0.28 mg/@ the rest of the year in Indien Creek from the dam downstresm to
Genesee Valley. The flow release provided higher flows during the spring
months to mexlwize the spawning potential for (rainbow) trout. Lower flows
could be maintained the rest of the year if they provided adequate hsebitat
to maintain trout populations. Releases were reduced during years when the
reservolr was not full on May 1. Apparently brown trout spawning in October
snd November was not considered.

The effects of these releases on reservolyr recreation and the
downstream fishery were to be observed for & five-year period and the
release schedule modified if necessary (DWR, 1962). Unfortunately, files of
DFG and DWR do not contain any record of the dats used to determine the
instream flow release schedule adopted for Antelope Reservoir, suggesting it
may have been based largely on Judgment.

Fish population studies conducted before construction of Antelope
Valley Dam showed the creek supported sbout 9 kilograms of trout per hectare
(kg per ha). In 1968, after four years of project operation, the trout

Thisg is

population had increased to about 48 kg per ha (Cerstung, 1973
sbout average for northern Sierre trout streams. Planted catchable trout
were not included in these estimstes; none was stocked after 1963, but dats
for most of these estimates have been lost, so they cannot be verified.
Antelope Reservoir was completed in 1963, and it has been managed
as a trout fishery based on annual plents of 200,000 to 250,000 rainbow
trout fingerlings. These grow rapidly and reach catcheble size by the
following season. The reservoir is capeble of producing 45 to 55 kg per ha

of trout when competing specles are absent. When com gpecles are

numerous, fingerling trout survival and growth is depressed and the lake
magt be managed with catcheble trout. Competing specles have been a serious

problem alwost from the start. Golden shiner and brown bullhesd were



numerous by 1968. The reservoir was drained in 1971 and sgein in 1976 and
treated with rotenone to remove the non-geme fishes. As the reservoir
refilled it was restocked with fingerling and subeeatchsble rainbow trout.
This menasgement policy requires draining and chemical treatment sbout every
five years.

In late 1980, DFG proposed to mansge Antelope Reservoir with a
combinabtion fishery: trout, largemouth bass, and channel catfish. This was
to try non-chemical control of the unwanted fish, thus svoiding the need to
drain the reservoir every five years. The effort was approved by Plumas
County officials, USFE, and DWR, and catfish and bass were planted in
winter 1980-81.

RUNCFF DURING THE STUDY PERIOD

This study was conducted during seversl relatively dry yesrs, and
80 was a good test of the proposed release schedule under poor runoff
conditions., Antelope Reservoir was drained in fall 1976 so it could be
chemically trested to remove non—game fish. The winter of 1976-77 was
extremely dry (10 percent of median runoff) and Antelope Reservolr did nob
refill until May 1978. The release from Antelope Dam was near zero until
late April 1977, then ranged from 0.28 ma/ﬂ to 0.03 mﬁf& during the summer
and fall, Beveral smell tributaries sdded flow a short distance downsbresm.
The revised flow schedule (0.56 mg/ﬁ year-round) begen March 15, 1978, when
& large snowpack made it obvious Antelope Reservolr would £111. This
release continued until Jenuary 17, 1979, when & very small snowpack and
the relesse should be reduced to 0.28 mgfﬁ to ensure the f1lling of Antelope
Reservoir. The reservolr filled and spilled briefly in late May and early
June 1979. The 0.28 m3/a relesse conbtinued through the fall wntil larege
storms in December 1979 and January 1980 filled the reservoir and started a
long period of spill from mid-Januery to early July 1980, When the spill
ended, the release was continued at 0.56 mﬁ/% until late January 1981, when
an unusually low snowpack and predictions of a dry spring sgain suggested

reduction to 0.28 mg/ﬂ was necessary to fill the reservoir,

9



SCOPE OF BTUDIES

This report summarizes a three-year (1978-1980) monitoring progrem
of Antelope Reservolr and Indlsn Creek. Specific studies included:
(1) streamflow studies on Indian Creek to determine the effects of various
flows on trout habitat; (2) fish population surveys in the upper creek each
fall to determine the nunber, ages, size, and welght of fish in sample sec~
tions of the creek; (3) recreation surveys on the creek to determine recrea-
tion use levels, asctivities, visitor origin, and other characteristics of
streamside use; (4) a creel census on the creek and reservoir to determine
the amount of fishing use, catch, and specles caught; and (5) water quality
samples to monitor temperatures, pH, turbidity, and electrical conductivity.

A limited recrestion survey was conducted in 1977 to develop
methodology for the three-year evaluation. Fish populations were sampled in
October of that year to provide baseline dats for the three-year study.

Detalls of sll these studies are avallable in & series of DWR
Technical Information Reports and DFG Informestion Reports (see "References").

The scope of the studies iz briefly described here,

Streanflow Study

A streamflow study was conducted on Indian Creek in fall 1976 to
determine the effects of wvaricus flows on trout hablitat. Two methods of
streamflow evaluation were used: an unwelghted method used by USFWS (1976)
on & Tuolumne River flow study, and a welghted method described by Wabters
(1976). Aveilable trout habitat was determined st two locations for f£lows
between 0.05 mﬁfﬁ and 3.0 mﬁ/ﬁ (Study Area l--sbout 12 km below Antelope
Dam) and 0.6 mﬂ/m‘ta 3.1 m3/$ (S8tudy Area 2-~just sbove Flournoy Bridge).
Operation studies also were prepared to determine the effects of several

potential flow schedules on Indian Creek and Antelope Reservoir,

Fish ?w@ulmtimn Surveys

Fish populations were monitored by DFG from 1978 to 1980, The
creek was sampled st six permanent study sections esch fall to determine the
sbundance and biomass of each species, Coefficient of condition {robustness),

percent of age groups, length-welght relationships, and growth rates were

10



also calculated. The study sections were nesr locations previously sampled
by DFG. They were chosen to represent various types of trout habitat, but
were probably not representative of the entire stream, The release froum
Antelope Reservolr was reduced to 0,14 mﬁ/ﬂ for 5 days each vear to make

fish sampling essier.

Recreation Surveys

Recreation surveys were conducted from 1978 to 1980 during the
trout season. A random sample survey was taken along distinet stream
reaches and during different use periods. Roving use counts and interviews
gave information on use levels, activities, length of atay, visitor origin,
and other data. Total estimested recreation hours, types of activities, mesn
length of stay, and mean number of people per vehicle were determined. FEsti-

mates of recreation use on Antelope Reservoir were obtained from the USFS,

Creel Cenpus

Creel censuses were conducted from 1978 to 1980 during the trout
season. Bach angler was asked for county of residence and length of Lime
fished. Fish caught were counted, identified by species, and measured.

Total hours fished, number of each species caught, and average length of

fish were determined. Estimated hours fished and estimated number and welght
of fish caught were calculated. A creel census also was conducted on
Antelope Reservoir to monitor fishing success. In 1979, total fishing use

and catch on Antelope Reservoir was salso determined.

Water Quality Samples

Water samples were taken in 1978 to 1980 in conjunetion with the
recreation survey and later tested for pH, turbidity, and electricel conduc-
tivity. Water and alr temperatures also were recorded. Only water and sir
temperatures were recorded in 1977 during the preliminary survey. Baseline
surveys of water quality conditions in Antelope Reservoir, Indian Creek ,

and Little Grizzly Creek were also conducted by DWR in September 197G,



RESULTE AND DISCUSEION

Streamflow Study

The flow study conducted in 1976 provided daste to eveluate various
possible release schedules (Haines, 1981b). Calculations of usable srea for
trout production using sn uwnwelghted criteris method showed optimum flow to
be 0.8 to 1.1 mﬁfﬁ for Study Area 1 and 2.0 to 2.3 mﬁfﬁ for Study Ares 2
(Tebles 1 and 2).

& welghted criteria method of snslyzing the dats gave different
optimum flows for each of several trout habitat parameters. Subjective cover
(any place an adult trout might hide) and food-producing habltat generally
increased with flow up to the highest flows measured. Optimum flows for
resting hebitat were 0.28 to 0.56 mg/a for Study Area 1 and 1.4 to 1.7 mgfa
for Study Area 2. Bpawning habitat wes greatest in Study Ares 1 at flows of
2.0 to 2.5 mﬁfﬂ, but continued to incresse with flow up to abt least 3,1 mg/m
gt Study Area 2.

These data suggested that the project-incressed flows in Indian
Creek below Antelope Dam (from sbout 0.085 m3/$) substantially increased trout
hebitat. Based on the unwelghted criteris method, ussble trout habitat in
upper Indian Creek (Study Area 1) increased 44O percent from L3 to 233 e,
Bpecific hebitet parameters, evaluated by the welghted criterie method, also
increased substantially. Subjective cover increased 280 percent, from 10 to
38 mﬁ* Food~producing ares increased 525 percent, from & to %0 mgw Resgting
habitat increased T0 percent, from 208 to 356 mg, and spewning habitat
increased 575 percent, from 0.4 to 2.7 n® (Table 1).

Increasing the summer, fall, and winter release (July to March)
from 0.28 to 0.56 m3f$ during 1978 and 1980 further incressed trout habitat,
as measured by these parsmeters %{ Specificelly, usable sres incressed
65 percent, from 233 to 382 mg; subjective cover, 120 percent, from 38 to
&l m@; food-producing area, 138 percent, from 50 to 119 mgg resting habitat
declined 5 percent, from 356 to 340 mQ; and spawning sres increased nearly

800 percent, from 2.7 to 2k mgw

3
1/ 8treamflov was reduced to 0.28 m”/s in 1979
due to very low runoff conditions,



TABLE 1

TROUT HABITAT IN UPPER INDIAN CREEK
(STUDY AREA 1) AT VARIOUS STREAMFLOWS 1/

Streamflow {mB/ﬁ) 0.085 0,14 0.28 0.56  0.85

Unweighted Criteria Method

Ussble Ares (mﬁ) L3 97 233 382 LgT

Welghted Criteris Method

Subjective Cover (ma) 10 18 38 8L 132
Food-Producing Area (mg} 8 20 50 119 191
oy -
Resting Habitat (m® 208 250 356 340 260
Spevming Habitat (m°) 0.L 1.1 2.7 ol 50
TABLE 2

TROUT HABITAT IN INDIAN CREEK NEAR FLOURNOY BRIDGE
(STUDY AREA 2) AT VARIOUS STREAMFLOWS 1/

Antelope Reservoir Release (mB/a) 0.085 0.1k 0.28 0.56  0.85

Streamflow at Area 2 (mg/ﬁ} 0,65 0.71 0.85 1.13  1.hke

Unweighted Criteria Method

Usable Area (mg) 519 570 698 953 1190

Welshted Criterdis Method

Subjective Cover (mg) 69 72 78 91 10k
Food-Producing Area (m°) 126 136 159 207 255
Resting Habitat (m-) 938 ok 970 1014 1043
Spawning Hebitat (ma) 150 160 184 233 280

1/ Adapted from DWR Technical Information Report 81-2.



Trout hebitat in Indlen Creek nesr Flourncoy Bridge, represented by
Btudy Area 2, also incressed, bubt much more modestly, due to considerable
tribubtary inflow which reduces the lwmpact of flow incresses from Antelope
Reservoir (Table 2).

Useble trout habitat in Study Ares 2 increassed 3L percent, iwmw
519 to 698 mwg subjective cover increased 13 percent, from 69 to 78 m"
food-producing ares increased 26 percent, from 126 to 159 mw; resting habitat
increased 3 percent, from 938 to 970 mﬁ; and spavning habitat increased
23 percent, from 150 to 184 ne.

Operation studies were prepared to demonstrate the impact of vari-
cuws flow relesses on water levels at Antelope Reservolr. Because aversage
annual inflow is about 1.7 times storage capacity, the reservolr spills 50
to 200 days most vears. Thus, summey flows in Indisp Creek could be
ineressed with a reletively smell increase in the drawdown of Antelope
Reservoir. The original schedule called for relesases of 0.5 56 wﬁf% from
April through June and 0.28 mB/% the rest of the yearm To minimize drawdown
during the recreation season, these were to be reduced in dry yeers when the
reservolr 1s not full on May 1.

This relesse schedule results in an average Beptexber 1 drawdown
of about 0.66 m and an average meximum annusl drawdown of 1.09 m, which
usually occurs in late October or November (Table 3). The revised relesse
schedule (0.56 mﬁ/a year-long) results in an average September 1 drawdown of
0.96 m and an average maximum drawdown of 1,96 m, which usually oceurs in
late October through Decewber. The average miﬁwﬂummﬁr reduction in surface
1.2 ha

more than with the original releage schedule. This is because the revised

area of Antelope Reservoir with a release of 0.56 m i%“wmmim be only

gchedule calls for a reduced relesse during the spring months of exception-
ally dry years. With a year-long release of 0.85 mgfﬁ, the aversage
Septenmber 1 drawdown would increase to 1.45 m, with an average maximum draw-
down of 3.22 m, which would usually occcour sometime between late Novenber and
the end of Janusry (Table 3 and Appendix C).

The operation studies showed that flow releases up to at least
0.85 mg/% provide more water surface in Indisn Creek than is lost in Antelope
Reservolr due to ilncressed drawdown. Since stresm habitat is considerably
more productive per unit ares than reservolr habitat, this tradeoff is
reasonable up to at least 0.85 mg/ﬁ (Table k).

1k



TABLE 3

ANTELOPE RESERVOIR DRAWDOWN 1/

Average Drawdown in Metres

Annusl
September 1 Mead mum

Ori%ina% Release Bchedule
(0.56 m2/s April l1-June 30;
0.28 m3/s July l-March 31) 0.66 1.09
Revised Relesse Schedule
(0.56 mB/m year-round) 0.96 1.96
Alternatlve Relesse Schedule
(0.85 m”/s year-round) 1.45 3.22

TABLE 4

ESTIMATED CHANGE IN AVERAGE MID-SUMMER SURFACE
AREA OF ANTELOPE RESERVOIR AND INDIAN CREEK
WITH VARIOUS DOWNSTREAM RELEASES 1/

Change in Mid-Summer Water Surface Ares

{(hectares )

Downstre Antelope Indlen Creekee
Release (m=/s) Regervolr Dam to Taylorsville
Q b 0&& C}

0.08 (Pre-project) - 1.6 + 6.9
0.28 (Original) - 8.9 +13.L4
0.56 (Revised) ~10.1 +19.8
0.85 {(Alternative) «-17.8 +05, 5

&/ Based on operation studies for water years 1962-1980
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Fish Population Surveys

Six stream sections totaling about 280 m (1.5 percent) of upper
Indien Creek were sampled each year. Eight species of fish were caught dure
ing four years of sampling {Table 5). Rainbow trout, brown trout, snd
Sacramento squawfish were the only species caught all four vears. Sacramento
squawfish and Sacramento sucker were caught only at the lowest station, Just

above Flournoy Bridge.

TABLE 5

SPECIES CAUGHT IN FISH POPULATION SAMPLING, INDIAN CREEK

Species 1977 1978 1979 1980

Brown trout (Salmo trutta) X X X ¥
Rainbow trout (Salmo gairdneri) X X ¥ %
Golden shiner {(Notemigonus crysoleucas) X X X
Sacramento squawfish (Ptychocheilus grandis) ¥ b X ¥
Speckled dace (Rhinichthys oseculus) X

Lehonten redside (Richardsonius egregius) X e
Sacramento sucker (Catostomus occidentalis) ¥ X X
Brown bullhead (Ictalurus nebulosus) X {

The trout in Indisn Creek survived the low flow conditions of

1976-TT surprisingly well, perhaps in part because fishing pressure was also

very low. When fish populations were sampled in October 1877, trout were
concentrated in pools and seemed to be in good condition, except for the

lowest station just above Flournoy Bridge, where skin parasites were common.

Photo, opposite--DFG personnel hake samples by electrofishing. An
electrical charge stuns fish, permitting them to he pathered, identified,
measured, and welghed, They are then released.
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Generally, trout population levels in 1977 and 1978 were similar to

those sempled some years earlier (1968-70) (Table 6).

TABLE 6

INDIAN CREEK TROUT POPULATION TRENDS, 1962-1980
(Number of trout per 100 m of stream sampled)

Number Total Nupber Turbeyr of
Tenrs of Sapnles of Trout Adult Trout

1962-64 ¥
(Pre-project) 7 12 4

196 8T 1/

(Pogt-project) 7 59 20
1977 2/ 6 80 32

o B : .
1978 < & 50 21
1979 2/ 6 217 23
1080 2/ 6 156 101

1/ Gerstung (1973) end unpublished date

2/ DFG Contract Services Section Informetion
Reports T8-1, T9-2, 80-1, and 811

However, the relatively low numbers of Juvenile rainbow trout in
1977 end juvenile brown trout in 1978 suggest that spawning and incubation
conditions and the subseguent survivel of young trout were poor during 1977
(Table 7). The relesse from Antelope Reservoir was increased to 0.56 mﬁlﬁ
in March 1978. This improved habitat conditions for rainbow trout that
spring, resulting in an increased number of young rainbow trout in the 1978
population. Brown trout also reproduced very well that fall, producing a
large incresse in young brown trout in the 1979 population.

By 1980, these Juvenile trout had become adults (2 127 mm), and
they begen to enter the fishery that August. The nurber of Juvenile brown
trout collected in September 1980 declined from 1979 levels probably because
the relesse From Antelope Reservolr was reduced to 0.28 m@fﬁ in 1979 due to
poor runoff conditions and this reduced spewning hebitat. Antelope Reservolr
spilled in spring 1980 and a relatively large number of juvenile rainbow

trout were captured thet fall. They may have come from the reservolr or

18



TABLE T

TROUT POPULATIONS AND BIOMASS IN
SELECTED SECTIONS OF INDIAN CREEK

1977-80 ;j
Brown Trout
1977 1@78 1979 1280
Population estimate 200 142 713 325
Biomass (g@m/mgz} b, 2.7 3.6 5.7
Adult trout (2 127 mm) T 52 L6 250
Juvenile trout (< 127 mm) 123 90 66T 75
R&inhow Trout
1977 1978 1579 1980
Population estimate 10 28 ) 32 139
Biomass (@m/mg) 0.5 0.k 0.7 1.7
Adult trout (2 127 mm) 7 9 15 50
Juvenile trout (< 127 mm) 3 19 17 89

1/ DFG Contract Services Section Information
Reports 78-1, T9-2, 80~1, and 8l-l--based on
population ssmpling in six locations totaling
about 280 m (1.5 percent) of upper Indian Creek
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were spawned in the creek. Appsrently most of the rainbow trout that le:

Antelope Reservoir when it spills are caught by anglers or wigrate downgtresm.
Relatively few are collected in the fall population samples.
Age snd growth dats did not indicate stetistically significant

changes in growth rates for brown trout during the study pericd. Not enoug

usable sceles from rainbow trout were collected to calculate g

ANy Yemr.

The coefficlent of condition is a measure of the relative well

being or plumpness of fish. This coefficient declined for brown snd rai

trout each year of the study, about 15 percent overall (Table 8). &

in condition factor sometimes occurs in fest-growing fish or mey be due to

larger average size. The significance of this trend in Indian

is unknown.

TABLE 8

COEFFICIENT OF CONDITION OF BROWN TROUT
AND RAINBOW TROUT IN INDIAN CREEK 1/

Year Brown Trout Reinbow Trout
1977 1.201 (¥ 0.339) 1.240 (% 0.507)
1978 1.172 (¥ 0.263) 1.188 (£ 0.478)
1979 1.076 (£ 0.34L) 1.09% (¥ 0.353)

¥ 0.039)

1980 1.053 (¥ 0.014) 1.078

1/ Based on the formula K = waight/lﬁmghhgg
DEG Contract Services Section Information
Reports T8~1, T79~2, B0~1, and 81-1
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corrects a statistical bias that would otherwise be built in to surveys of
this type.) Overnight use followed a similar pattern with & high of 4.6 days
in 1978, 3.9 days in 1979, and 4.0 days in 1980.

TABLE ©
COMPARISON OF ESTIMATED RECREATION

USE ON INDIAN CREEK, 1976-80 1/

Hours of Recrestion

Activity ‘ 1978 1979 1980
Fishing (includes crayfishing) 12,050 7,500 12,&60
Coamping 15,950 16,600 19,600
Swimming and beach use 9,600 8,500 11,600
Relaxing 13,100 17,000 9,500
Picnicking 2,050 2,800 6,900
Sightseeing 2,000 1,400 3,900
Miscellaneous 7,650 8,200 10,800

Total Hours 63,000 62,000 75,000
Recreation Deys 40,000 49,000 k2,000

1/ DWR Technical Information Reports
79-1, 80-1, and 81-1

In 1979, Indian Creek recreation was affected by & temporary gaso-
line shortage and lower streamflows. Cesoline supplies in metropolitan areas
were uncertain in early 1979, and many service stations had long lines and
short business hours. This uncertainty slowed recreation use at Indian Creek
and Antelope Lake through May. However, on Memorial Day weekend both the
creek and reservoir had capacity use, and recreation use remained high
thereafter.

A higher percentage of visitors came from the northeagt counties in
1979 and 1980, Relatively fewer people visited Antalwﬁe Regervolr and Indien
Creek from the Sen Francisco Bay area and Southern California, and relatively
more came from the local area. People seemed to be msking shorter trips and
staying longer.
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Antelope Reservolr

The USFE reported that sll types of recrestion use on Antelope
Reservolr totaled 83,200 recreation days in 1978, 273,500 in 1979, and
223,000 in 1980 {Appendix G).

When the reservolr was bullt, recreation use resulting from the
regservolr, Its recrestion facllities, and downstresm flow enhancement was
expected to far exceed use of the area without the project (DWR, 1962), In
1980, recreation use at the project and downstream exceeded even the predicied
use by sbout 2% times (Teble 10).

TABLE 10
COMPARISON OF PREDICTED AND ACTUAL RECREATION USE OF

ANTELOPE RESERVOIR AND UPPER INDIAN CREEK, 1980

Recreation Use, in Recreation Daye

Antelope Upper

Reservoir indian Creek _Totals
Predicted use Y 76,000 24,000 100,000
Actual use 2/ 223,000 31,000 254,000

1/ DWR Bulletin 117-8, page 32

2/ Antelope Reservoir use reported by USFS;
Indien Creek use between Antelope Dam and
Taylorsville from DWE Technical
Information Report B81-1, page 7

Comparison of the reported monthly recreation use for 1978-80 with
the water surface elevation of Antelope Reservoir illustrates two important
points. First, reservoir levels each month of the recreation season (May
through September) were very similar, congidering the differences in runoff
and downstream releases in these years (Table 11). This suggests the dry
year criteria (used in 1979) minimize drawdown ss intended. Second, recreg-
tion use levels apparently were not related to reservoir levels. They were
probably determined by other factors, such as weather, available leisure tiume,

fishing quality, gasoline svailsbility, ete.

n2
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TABLE 11

REPORTED RECEEBATION USE AT ANTELOFE RESERVOIR
VS. WATER SURFACE ELEVATION, 1978-80

Year 1978 1879
May 20,300 &/ 2/ 29,200

(1 524.,91)= (1 524.49)
June 12,400 57,600

(1 524,70) (1 52k.55
July 7,500 42,600

(1 524.46) (1 s2L,24)
August 5,000 51,400

(1 523.91) (1 523.85)
September 5,500 k1,700

Downstream Release

(1 523,45)

0.56 mj/ﬁ

(1 523.54)

o
0.28 m”/s

1/ Monthly recreation days reported by USFS.

2/ Mid~-month water surface elevation of Antelope Reservoir.
Spillway elevation is 1 52L.61 metres.

1980

35, 300
{1 s2k,91)

35,900
(1 524,79)

43,800
(1 52L.03)
23,300
(1 523.57)

0.56 m°/s



Creel Census

Indian Creek

Angler use on Indian Creek was higher in 1078 and 1980 when the
. o e 3 . e \ e 3 .
flow release was 0.56 m™/s than in 1979 when the relesse was 0.28 /s, FHati-

irs in 1978, 7,250 in 1979, and 12,300 in

s Indian Creek. The total number of trout

caught (brown and rainbow) showed similar pattern to angler use; more troub
of both specles were and 1980 than in 1979. ¥Fishing success

(trout caught per hour) for brown trout also followed the same pattern, but
r of the study (Table 12).

The catch of other species (primarily brown bullhead, squawfish, bluegill,
o b dn

the catch rate for rainbow trout ine

wsed each ve

and golden shiner) w

swmall all three vears.

The mean 1

ngth of brown trout caught by snglers incressed slightly
each year, from 23 cm in 1978 to 2k.5 cm in 1980. However, the length of

3
rainbov trout declined from 26.5 em in 1978 to 23 cm in 1980, largely reflect-

o

ing the size of fish entering the creek from Antelope Reservoir (Taeble 13).

iy
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TABLE 12

ESTIMATED ANGLER USE AND SUCCESS,
INDIAN CREEK, 1978-80 1/

1@?& 1979 lﬁaﬁ
Batinmated anpler hours 11,250 7,250 12,300
Brown trout caught 3,830 1,375 3,050
Brown trout caught/hour 0.34 0.19 0.25
Reinbow trout csught 2,130 1,575 3,580
Rainbow trout caught/hour 0.19 0.22 0.29
Other Pish caught 180 50 390
Other fish caught/hour 0.02 .01 0.03
1/ DWR Technical Information

Reports T9-1, 80-1, and 81-1
TABLE 13

MEAN LENGIH OF BROWN TROUT AND RATNBOW
TROUT CAUGHT IN INDIAN CREEK, 1978-80 1/

Mean Length in Centimetres

1978 1979 1980
Brown trout B30 2h.0 24,5
Rainbow trout 26.5 23,0 23.0

1/ DWR Technical Information
Reports T9~1, 80-1, and 81-1

Most of the fish caught each year were taken from upper Indian
Creek (sbove Flournoy Bridge) where flow relesses from Antelope Reservoir
have the most impact. In 1978, 82 percent of the fish were caught in upper
Indian Creek; compsrable figures for 1979 and 1980 were 60 percent and
87 percent. |

Angling use of Indian Creek is relatively light compared to streams
included in DFG's Wild Trout Program. On a per-kilometre basis, fishing use
at Indian Creek was one-elghth to one-half of the levels reported for these
streams (Snider, 1980 and 1981). Indien Creek fishing use is perheps more

28



typical of roadside catchable trout streams in the sres, such as Deer Creek
along Highway 32 in Tehama County. However, the catch of trout per hour and
the average size of the brown trout caught from Indian Creek compsre favor—

ably with all of these streams (Table 1k).
TABLE 1k
COMPARISON OF ANGLER USE AND CATCH RATE

OF TROUT FOR SELECTED SIERRA STREAMS 1/

Strean  Angler ALl Trout Average

Length  Hours Catch Slze
Stream Year (km) Per km  Per Hour (em)
Lower Hat Creek 1973 5.6 3,200 0.45 NA
East Walker River 197576 1k 1,000 0.2% N&
South Fork Kings River 1976-78 18 1,200 0.5 22
Deer Creek 1980 18 Koo o, ¥ NA
Upper Indian Creek 1978 18 Loo 0.70 23
Upper Indian Creek 1979 18 200 0.51 2k
Upper Indisn Creek 1980 18 500 0.66 2L

1/ Snider, 1980 and 1981, and DWR Technical
Information Reports T9~1, B80-1, and 81-1

PG
B

90 percent planted catchable trout

Although no studies were conducted specifically to evaluate angler
opinions on streamflow and fishing success, discussions with anglers durding
the creel census suggested that they generally felt that higher flows meant
better fishing. Many thought the creek looked too small or too low for good
fishing at 0.28 mgf&. Some commented that fishing seemed better at flows

<
much higher than 0.56 m”/s. These subjective opinions were supported by

Antelope Reservoir spills most years, often for extended periods,
When the lake elevation is more than sbout 0.15 m sbove the spillway 1lip
(corresponding to s spill of about 1.k mg/ﬂ}, many fish swim oub of the lake
and wesh into Indian Creek. This ocecurred in 1978 and 1980, and rainbow trout

and brown bullhead from Antelope Reservolr contributed to the Indisn Creek
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fishery both years. Anglers are attracted to upper Indian Creek any time the
reservoir is spilling. They know from past experience and reports of other
anglers that fishing is usually good Just below the dam when the reservolr is
gpilling,

However, angler use on Indian Creek was higher in 1978 and 1980
throughout the season, long after the reservoir spill ended. Overall fishing
success was higher both seasons with the 0.56 mgfw relesse than during 1979
when the relesse was 0,28 mg/s (Table 15). Also, fishing success for brown
trout was higher in 1978 and 1980 than in 1979, and brown trout in Indian
Creek do not come from the lake. Only the rainbow trout populations are aug-

mented when the reservolr spills.

TABLE 15

RELATIONSHIP OF STREAMFLOW AND ANGLING
SUCCESS FOR BROWN AND RAINBOW TROUT,
UPPER INDIAN CREEK, 1978~80

Stregmflow Rainbow Trout Brown Trout Corbined
m3/s) Catch/Hour Catch/Hour Catch/Hour
0.21~0, k2 .13 0.27 0. k4o
0.43-0.70 .11 0.30 0,41
0,711,173 0.24 0.31 0.55
1,141, 70 0.26 0.70 0.96
1.70-2,26 0.45 0.63 1.08
2,27=3.26 0.25 0.21 0.L46
3.27-4, 81 0.h2 0.29 0.71
4, 826,80 0.43 0.30 0.73
Means 0.22 0.30 0.52

Angling success in upper Indian Creek generally incressed with
streamflow up to about 2.3 m3/$, Since large numbers of rainbow trout enter
the creek when the reservoir spills, the higher catch rate for this species
may simply be related to the additional fish provided by spills. The catch
rate for rainbow trout was highest for flows renging from 1.7 to 6.8 mﬁf%$
flows that occur only when the reservoir gpills. However, brown trout are
resident in Indian Creek and are not found in the reservoir. Additional fish
provided by reservoir spill could not explain why the catch rate for brown

trout wag highest for flows ranging from 1.1 to 2.3 mﬁfﬁ {Teble 15 and Tigure 3).



Thus, 1t seems likely that higher flows do provide better fishing conditions.
The additional rainbow trout associated with reservoir spills no doubt sre a
factor, but better trout cover and greater turbulence associsted with higher
flows also may be lwportant.

In summary, periods of reservoir spill in 1978 and 1980 and higher
Tlowsg attracted more anglers to the cereek, while the gasoline shortage and
lower flows reduced fishing in 1979. However, the fact that increased fishing
continued all season in 1978 and 1980, long after the reservoir spills ended,
suggests that higher streamflows played an important part in the higher use

those years.
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Figure 3 Angling Success Versus Streamflow in Upper
indian Creek, 1978-80
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The sport catch and trout populstion estimates cen be combined 1o
illustrate the changes that have cccurred in the Indian Creek fishery during
the study period (Teble 16). To make it easy to visualize the relstive num-
bers of fish in the stresm and the magnitude of the population changes, these
estimetes are expressed as nuwbers and welght of trout per 100 m of stream.
For exsmple, the data guggest thet 1977 troubt populastions might have been
similar to 1978 if there had been a similar amount of fishing. There are
large incresses in populstions of brown trout in 1979 and reinbow trout in
1980 and an equally large increase in adult (catchable-sized) trout of both
species in 1980, ¥rom an sngler's perspective, the number of adult trout in

8 stream largely determines potential success.

TARLE 16

SPORT CATCH AND FALL TROUT POPULATIONS
IN UPPER INDIAN CREEK, 1977-80
(expressed as numbers of trout and
weight in grams per 100 m of stream)

Sport Cabeh é/ Fall Trout Population gf
Number of Total Humber of  Tobtal Adult
Trout Caught  Welght Troub Welght Trout
Brown Trout
1977 Unknown 3/ T6 2 560 29
1978 20 2 T00 L9 2 570 18
19749 & 1 180 265 3 130 17
1980 7 2 500 106 5 230 8L
Rednbow Trout
e 3/ ﬂ
1977 Unknown = b 280 3
1978 8 1 k30 10 350 3
1979 2 340 12 6ho 6
1980 16 2 080 L7 1 600 17

&/ Baged on estimsted catch of trmut in 18 km of upper Indian Creek
below Antelope Dam.

2/ Besed on fish population sempling in six locations totaling sbout
280 m (1.5 percent) of upper Indian Creek.

3/ No creel census was conducted in 1977, but little or no fishing

cecurred because the road along upper Indlan Creek was closed for
reconstruction., This probably left s relstively large population
of adult brown trout in fall 107T7.



Antelope Reservolr

Antelope Reservoir fishing was censused in 1978, 1979, and 1980
along with the creel census on Indian Creek. Catch per hour of rainbow trout
by boat fishermen increased from 0.18 in 1978 to 0.32 in 1980. Catch per
hour by boat fishermen also incressed, from 0.33 in 1978 to 0.61 in 1980.
During the same period, the average length of rainbow trout decreased from
29 cm to 23 cm due to changes in the size of fish stocked and possible compe-
tition with brown bullhead and golden shiner. Brown bullhesad resppeared in
the fishery in August 1978 and the catch per hour and aversge length for this

species increased each year of the study (Table 17).

TABLE 17
ANTELOPE LAKE CREEL CENSUS %f
1978 © 1879 1980

Angler Hours Censused

Shore 2,076 5,510 2,005

Boat 248 321 277
Rainbow Troub

Shore~-Catch/Hour 0.18 0.28 0.32

Boat--Catch/Hour 0.33 0.55 0.61
Average Length of Rainbow Troub 25 om 26 cm 23 om
Brown Bullhesd

Shore--Catch/Hour 0.01 0.09 0.16

Boat-~Catch/Hour o 0.03 0.01
Average Length of Brown Bullhesad 16.5 18.5 19.5

1/ Hinton, 1979; Haines, 1980b; and Hinton, 1981.

T 1979, total fishing use and catch for Antelope Reservolr were

caleulated (Haines, 1980).

An estimated T0,000 hours (22,000 angler days) of

shore fishing and 44,000 hours (132,000 engler days) of boat fishing were

spent at Antelope Regervolr during the traditional trout sesson, April 28 to

Bovenber 15,

Shore sanglers caught sbout 19,000 rainbow trout and bost fisher-
wen apout 20,000 trout. About 9,000 brown bullhead were caught.

head are & major part of the reservoir fishery and are sctively sought by

Browo bulle

many snglers.



Water Quality Samples

Turbidity, electrical conductivity, pH, and temperature were moni-
tored for three yeasrs at five locations on Indian Creek. The highest pH
recorded was 9.0 and the lowest was 6.5, with mean of 7.3 for 127 samples,
Turbidity was seldom sbove 6 JTU, with 4.2 the mean for 125 samples.
Temperature was within tolerance limits for salmonids. During spring and
fall, when rainbow and brown trout spawn, temperatures were never sbhove
lﬁm o Temperatures never exceeded 20° ¢. for samples teken at mid-dasy to
neasure E.C., pH, and turbidity, but higher temperatures were occasionally
recorded below Flournoy Bridge in the late afternoon or evening in 1979.

DWR made a water quality survey of Indian Creek in 1979 (Boles,
1960). It showed that the area immediately below Antelope Dam suffers from
impacts commonly associated with
releases from lower levels of
productive reservoirs with high
iron content. This area has a
reduced aquatic insect fauna
because of abnormal conditions.
Temperatures are warmer than
normal in winter asnd cooler than
normal in the suwmmer. This
interferes with the life cycles
of many Insects. The food supply

is limited to lake~dwelling

plankton released from the dam

and stream scavengers that feed on it. High nutrient concentrstions in the
hypolimnetic water cause sbundent growth of rooted aquatic plants.

The unplessant odor of hydrogen sulfide (HQS) is spparent for about
3 km below Antelope Dam during the late summer months. This substance is
formed from the snoxic bacterial reduction of sulfates in the hypolimnion of
the reservolr., Fortupately, ﬁgﬂ is rapidly displaced with exposure to oxygen
in the stream so the odor dissipates a short distance downstream. The stream-
bed in this reach has a reddish appearance caused by the precipitation of

irom from the reservolr water when it is serated in the streanm.
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PROPOSED REVIDED OPERATION

Antelope Reservolr was planned using a very short record of Indian
Creek runoff near the damsite and & much longer record of runoff at Indian
Creek near Crescent Mills. Esbtimated runoff at the damsite was calcoulated
from these data for the period 192055, The egtimated aversge runoff was
about 24 200 d&mg* Actual ranoff for the 19 years of record at the damsite
is much higher, about 46 600 dam>. Both the estimated hydrology and the
actual record of runoff indicate that sboubt one year in five can be expected
to bhe below 50 percent of normal. During these very low water years the
release schedule should be modified early in the spring to avold excessive
drawdown of Antelope Reservolr the following summer.

At the start of this study, the UBFE suggested that the proposed

release schedule might beltter £it the runoff if the predicted April-to~July

runoff was used to
adiust the release,
rather than waiting
until Mzy or June.
The originsl release
eriteria reguired a
speclific release
gschedule for a one-
vear period based
on May 1 storapge at
Antelope Reservolr.
The pmbpmgmﬁ
schedule changed
the declslon date

to June 1 because
Antelope Reservoir
often is still £ill-

ing in Msy. However, both schedules reguired continuing the previous year's
gschedule throvgh the spring months, when s large portion of the year's runoff
occurs and the water conditions for the following suwmer are determined.

The February 1 forecast of water conditions in the dreinsge provides the



informetion needed to determine if an adiuvstment in the relesse schedule for
the following vear ls regulred.

In general, 1f the April-to-July runof? is forecast to be more than
50 percent of normal (14 300 &ams}, release of 0,56 mﬁfﬁ through the spring
helps reduce the reservoir spill and causes no major problems. DFG prefers
& reservolr operation that minimizes reservoir spill and the accompanying
loss of fish from the reservoir. Likewise, minimizing spill helps reduce
possible downstream erosion. However, if the runoff is expected to be less
than 50 percent of normal, relesse of 0.5%F mﬁfﬁ through the spring nonths
may keep the reservolr from £1lling by June 1, or result in & severe drawdown
later during the summer and fall., In this case, it is prudent to reduce the
release of 0.28 mﬁ/ﬁ in early Februsry. This release should be maintained
untll the forecast substantially changes, or until the following winter,
when the February 1 forecast of water conditions is made. The June 1 reser-
volr level should still be used to determine the release schedule for the
following months, but the spring runoff forecast helps ensure that Antelope

Reservolr fills, which should alwsys be the primsry objective.

Tmpeacts of the Revised Operation

This report has discussed four levels of flow in Indisn Creek:

1. The pre-project flow, sbout 0.085 mﬁfw” which was the historic
average low flow durdmg late summer before the dem was bullt,

2o ﬁ%@&ﬂﬁﬂmimwm%mﬁmmmWMﬂ@Qmﬁﬁm@%f%m«&mmmmwmwﬁ
June, and 0.28 mg/% for the rest of the year, with appropriste reduc-
tions in dry years when Antelope Reservolir does not f£ill by May 1
(Appendix 2).

3. The revised operation schedule, 0,56 m&/w year-rouwd with
reductions to 0.28 mgl@ or 0.14 m3/$ year-round in dry years when
Antelope Reservolr does not £ill by June 1 (Appendix 2).

L. A possible slternative schedule , Gmgﬁzmgfw year-round with
reductions to 0.28 mﬁ/ﬂ or 0.1k m&/ﬂ year-round in dry vesrs when
Antelope Reservoir does not f£ill by June 1. This flow schedule will
not be recommended because of its adverse impacts on Antelope

Reservolr recreation, but is evaluated for comparastive purposes.



The revised operation would have a number of definable impacts,
Potential benefits would include increased fish production and better stream
fishing, increased streamside recreation use, increased energy production,
slightly larger water supply to Oroville Reservoir, end reduced spill from
Antelope Reservoir. Potential detriments would include minor decreases in
the aesthetic quality of Antelope Reservoir, less ease of access to the lake-
shore and use of recrestion facilities (specifically the bosat ramp) at
Antelope Reservoir. There would be a slight reduction in water surface and
fish production in the reservoir resulting from the incressed drawdown.

These potential impacts are discussed in the following sections.

When evaluating the positive and negative impacts of the proposed
revised operation, it is important to recognize that only the sdditional
impacts of the proposed operation should be considered. The original operg-
tion provided considerable downstream enhencement over pre-project conditions
and caused Antelope Reservoir to fluctuate 0.7 m or 80 by Labor Day each
year. The proposed operation schedule would provide additional downstrean
enhancement and increase the September 1 reservoir drawdown +to about 1 m.
Only additional benefits snd detriments caused by the proposed operation will

be considered,

Potentisl Benefits

Figh Production

The higher flows released in 1978 improved spavning and resring
conditions and produced a large number of juvenile brown trout in 1975,
These fish produced sbout a four-fold incresse in adult brown trout in 1980,
Rainbow trout populations also incressed in 1978 and 1980, although spawning
for this species 1s not much affected by the project releases, since they
spawn during late spring when the reservoir is ususlly spilling.

The alternative release schedule (0.85 mﬁ/ﬁ} would provide even
more trout habltst than the revised schedule. Presunably , this schedule
might result in an even larger increase in trout production than the revised

schedule,



Fahing Use and Quality

The increased numbers of catchable-sized trout in Indian Creek will
support more fishing use, a higher catch per hour, or--more likely-—some
conbination of the two. These changes should be noted as anglers discover
the improved fishing. Apart from increased fish populations, higher flows
geem to attract more anglers simply because the creek looks more fishable.
The census dats show that more trout are caught at higher flows, up to about
2.3 mg/m¢ The proposed revised flow release will combine these factors to
improve fishing and increase fishing use of upper Indian Creek.

Recereation Use

About half of the visitors to Indlan Creek are anglers, but they
also engage in other recreation activities, and they bring families and
friends who often do not fish. An improved fishery will sttract more anglers
for day use and overnight camping; they will bring other recreationists with
them, thus incressging genersl recreation on the creek.

39



Energy Production

The higher summer snd fall flwwa provided by the revised operation
would yield e swall increase in hydrm&leﬁtriﬁ energy production at Pacific
Gas and Electric Compeny's (PC&E) North Fork Feather River system. FEach dem>
of water flowing through Rock Creek, ﬁreéta, and Poe Power Plants produces
about 1,300 kilowstt-hours of energy. If & small hydroelectric plant is ever
bullt at Antelope Dam, the revised operation would increase energy production

by ebout 60 percent, compared to the original schedule.

Water Supply

The revised operation would provide a minimal incresse in water

supply to Oroville Reservolr, to the extent thet incressed project relesses
reach and are relessed from Oroville Reservolr during years when it does not
aplll. Water rights agreements between DWR and PCRE require that water
releassed from storage in Antelope Reservoir can be used only for streamflow
enhancement in Indisn Creek and the Fast Eranmh North Fork Feather River.
Thus , the increased flows would not be avalleble for other water users above
Oroville Reservoir. The increase in flow is too smell to measursbly improve
trout hebitet between the PGRE power plants on the North Pork Feather River.

Regervolr Spill

The increased regulated release would cause s slightly greater draw-
down of Antelope Reservoir each winter. In most years Antelope Reservolr
would £111 during the spring months and the Increased drawdown would have
little effect on reservoir spill. But in a few reletively dry years (50 to
15 percent of normal runwff)‘when Antelope Reservolr barely fills, the revised
operation would reduce the amount end duration of spill. This situstion would
oecur about one year In five or less.

DFG would prefer to minimize reservolr splll in order to reduce the
logs of trout from the reservoly. The proposed operation schedule would proe
vide only & minor veduction in the frequency and duration of spills. A higher
release schedule would cause a larger drawdown esch year, correspondingly less

spill, and fewer rainbow trout leaving the reservoir.

ko



Potentisl Detriments

Aesthetic Quality
The increased drawdown of Antelope Reservoir resulting from the
revised operation would slightly diminish the beauty of the reservoir. It

would reduce the average water surface elevation by 0.17 m during the recres-
tion season (May through Septenmber) and the September 1 elevation by about
0.3 m. Of course, all lskes and reservoirs fluctuste. With no downstrean
release, Antelope Reservoir would still fluctuete slightly due to evaporation.

Ubservations during three years of study show that drawdown of =
metre or 80 does not seriously harm the looks of the reservolr. Drawdown of
more than sbout two metres causes a significant visusl impact (an unvegetated
ring around the reservoir shoreline), which is distracting. The alternative
schedule would cause reservoir drawdown frequently exceeding two metres in
late fall and winter.

DWR uses a point system to evaluste the lmpact of reservoir opera~
tions on the quality of recreation at the site. The technique compares the
average water surface area of the reservoir during the recreation season with
the surface area at normal pool (spillway elevation). The ratio of recreation
sesson surface area to normal pool surface area is then converted to a point
value (0-50 points). Using this technique, the original operation schedule
for Antelope Reservoir has a ratio of 0.96, corresponding to 49 points,
while the revised operation (0.56 m&/ﬁ) has a ratio of 0.95, or 48 points.
The slternative schedule (0.85 mS/ﬁ) hasg a ratio of 0.92, or 47 points.

These are all high values when compared to typical reservoir operations.

Bage of Access

Slightly increased summer drawdown would mesn that the water sur-
face of the reservoir would be a bit farther from campsites and other recrea-
tion sites then it was with the original operation schedule. There might be
marshy conditions for a short time at a few areas with very low gradient.

The original drawdown of about 0.7 cm per day would increase to about 1.2 cm
per day, but the granitic soil around the lake would help minimize problems.

Moderate reservoir drawdown may be beneficial becsuse it can create
beach areag for sunbathers and swimmers. It can also provide easy foot access
around the shore for anglers. On the other hand, too much drawdown encourages
off-road vehicle owners to drive slong the water's edge, resulting in added

L1
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costs for barrier construction and enforcement. This would be psrticulsrly

true for the alternative schedule.

Drewn down 1.3 m, Antelope Reservolr acguires inviting besches, submerged
at full capecity.

Hecreagtion Faceilitles

The small drawdown increase in the proposed operation would not
significantly affect use of sny recreation facilities at Antelope Reservolr.
Access from plenie and camp aress to the lake shore would not be affected.

The Lost Creek Cove Boab Ramp extends to elevation 1 521 m and the wabter

supply intake is near elevation 1 518 m. Neither the original nor the pro-
posed operation schedules would draw the reservolr down to these levels

hecause of the dry year criteria. Consequently, the proposed schedule should
have no meassursble effect on the amount of recreation use at Antelope Reservolr.
On the other hand, a higher release schedule, such as 0.85 mﬁ/w wonld cause
regservoir levels to fall below the end of the bost ramp in Decenber, Janusry,

or February sbout one year in three and would reduce use gt those tines.



Flah and Wildlife Production

The proposed higher downstream relesse and incressed reservoly drey-
down would cause a small reduction in mid-summer reservoir surface area. The
surface area would shrink only about 1.2 ha more than with the originsl opera-
tion. This minor difference is due to the revised dry year criteria which
anticipate low water years. A flow gchedule of 0,88 mﬁf@ would reduce mid-
summer reservolr surface area by an additionsl 8.9 he over the criginal
operation schedule. These losses of reservolr surface area would be compen-
sated by somewhat greater increases In usable trout habitst in Indian Creek
downstresn to Taylorsville,

Bagles and osgprey nest al Antelope Reservoir. Geese feed along the
shoreline. The additional drawdown and reduced water surface might affect
the success of these birds. However, the change is very small and both
eagles end osprey nested successfully during the study period, so any impact

probebly is minor.
REQUIRED REVISIONS TO PERMITS AND LICENSES

The USFS Use Permit for the operation of Antelope Reservoir gener—
ally describes the original operation schedule for the project. The proposed
operation schedule would not violate provisions of this use permit in normal
year operations, but it would conflict In dry years. Likewise, using the
February 1 forecast of runoff conditions to reduce the release in exception-
ally dry years would conflict with certain relesse provisions in the permit.
Thus, the use permlt should be revised to reflect the proposed release criteria.

The water rights agreement between DWR and PGEE requires that water
relessed from storage in Antelope Reservoir be used only for streamflow
enhancement in Indian Creek and the East Branch North Fork Feather River.

The proposed operation schedule would not conflict with the provisions of this
egreement and modification of the agreement is not required. As discussed
earlier, the revised operation would benefit PGEE becsuse it would slightly
increase power production at the North Fork Feather River hydroelectric plants.
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APPENDIX A

UNITED STATES DEPARTMENT OF AGRICULTURE
FOREST SERVICE
PLUMAS NATIONAL FOREST
Greenville, CA 95947

ApnwREsE REFLY TO
Disrricy RaNGeER
Aun ReFgn o

2530/2630

April 24, 1978

Mr. Ralph Hinton

Park and Recreation Specialist
Department of Water Resources
P.O. Box 607

Red Bluff, CA 96080

Dear Mr. Hinton:

Your proposed Indian Creek flow enhancement program is acceptable to us,
subject to implementation of the low flow release schedule when a dry
year is indicated by the annual D.W.R. March 1st runoff prediction.

We are, however, bothered that any gains made to improve the Indian
Creek fishery could be negated (just when the full benefit is being
realized) by the Department of Fish and Game's recurrent drain-poison
program for Antelope Lake. We would like very mich to see a stable
aquatic ecosystem established in Antelope Lake, even if this would
require its conversion from a trout fishery to a '"warm water" fishery,
with bass and bluegill replacing the trout, During treatment years,
the resultant "drought level flow reductions would dry-up most of the
improved downstream habitat, and the available population of benthic
insects used for trout food would be greatly reduced. The adverse

€ Cts of the lake-treatment program would be even worse on an other-
wise improved Indian Creek trout habitat than they have been on the
Indian Creek fishery in the past.

Several questions were raised by our Forest staff on the impacts of
your increased flow program, viz.:

1. Sediment-flushing flows might be reduced, because of the in-
creased amount of drawdown in Antelope Lake.

Z. There is a possible, adverse effect from increased releases of
anoxic, hypolimnial waters into Indian Creek. Odors and dis-
coloration have been observed below the dam in mid to late
sumer in normal years. Sulfur dioxide seems to be coming
from partly-decomposed bottom organic materials, as they are
exposed to the open air.

L9




3. There will be some aesthetic degradation of thw lake environ-

ment along with the loss of some shallow water fingerling
habitat, with reduced lake ﬁurf&mm ared,

We think that any deleterious effects from this project on flushing
flows will be minimal. Flushing flows have already been greatly
moderated by the Antelope Lake dam. Spring flows will sti ‘

over the dam, and peak runoff should not be notably r . Inan
average year, the reservoir will take a little longer to fill, and
the overflow period will be shortened by a week or two, because of

the time needed to recover from the extra drawdown.

Increased late summer outflow will probably not result in
”“mpti“” zone, beyond the presently affected reach of Ind:
The increased turbulence at the outflow point should quickl
ate the released lake bottom water.

a lengthened
an Wr@@k

The extra drawdown required for the enhanced flow progra

reduce the useable lake surface, and some shallow wat

dried-up. Fishermen will find it easier to drive around the ‘

th@ lakm, uwmmw the @xpm%ad %hﬁrel}nm, such use will result in increas-
Vi should be

We feel that the net effect of this enhanced flow program will be (a)
tion

LT T i‘i l } £

an improved Indian Creek trout fishery and (b) an increased r
capacity for the Antelope Lake - Indian Creek portion of the
Ranger District.

Copy to: Forest Supervisor
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f6 e wh Uinited States Forest ‘ . . "
'&gkﬁ m@pﬂﬂméﬁtm Service Plumas National Forest P.O. Box 1500
s Agriculiure

Ouinoy, CA 95971
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Fraply o ? 3 WJQ

Date August 10, 1981

Mr. Ralph Hinton

Department of Water Resources
Box 607

Red BIluff, Ca 96080

Dear Mr. Hinton:

We have reviewed the draft report for a revised operation for Antelope
Reservoir dated July 1981 and have the following comments:

1. We agree with your proposed operation schedule and will work
with you to revise the Special Use Permit,

2. Your report is silent concerning threatened and endangered
gpecies. The increased draw-down may be viewed as detyimental to bald
eagles and ospreys by decreasing the surface area of the Reservoir
available for food; conversely, both species have a mating pair with
young birds this season at the Reservoir so the operating plan may not
be all that adverse.

3. Your report does not mention motor vehicles going arcund the barriers
when the Reservoir is down and driving along the shoreline. This is getting
to be a major problem in the fall, winter and spring. This aspect of the
additional draw-down iz definitely detrimental as costs will be incurred ex-
tending the barriers further into the Reservoir and by having to increase
the law enforcement effort with its resulting negative public reaction,

Your reports have provided interesting data of a kind that is all too
seldom obtained. We look forward to receiving vour final report.

Bincerely,
o 2
. . g s S
"":;f ol ﬂi e W d/ﬁ
LEOYR R. BRITTON

Foregt Supervisor

51

FE-H200-11(8-80)



AFPERDIX B

ANTELOPE RESERVOIR OPERATION CRITERIA

Relesse Criteris

Regulation Releases

Regulated relesses from Antelope Leke include water both for
Water Rights Entitlement and Project Releases, A Water Rights Entitlement
is water that downstresm users have rights to divert from Indian Creek.
A Project Release is water for the enhancement of recreation, fish, and
wildlife.

Regulated releases, made from the valve control house, are based
on the reservoilr water surface elevation each year according to the

following relesse schedule.

TARLE 1

EXISTING SCHEDULES POR RECULATED
HELEABES FROM ANTELOPE RESERVOIR

Storage Condltion Regulated Releapes in ofs
ag of May 1 May June July Aug BSept Oct Nov Dec Jan Feb Mar Apr
%% # * #
Above Elev, 5002 20 20 10 10 10 10 10 10 10 10 10 =0
Wi # # #
Above Elev. L4908 15 15 5 5 5 5 5 10 10 10 10 15
Wi % b #
Below Elev. L9o8 10 10 5 5 5 5 5 5 5 5 5 10
TABLE 2
PROPOSED SCHEDULE FOR REGULATED
RELEASES FROM ANTELOPE RESERVOIR
Btorage Condition Regulated Releases in ofs
agz of June 1 June July Aug Sept Oct Nov Dec Jan Feb Mar Apr May
Wik # % *
Above Blev, 50072 20 20 20 20 20 20 20 20 20 20 20 20
T 3 # ¥
Avove Elev., Log8 10 10 10 10 10 10 10 10 10 10 10 10
P W * )
Below Elev. 4998 2 5 ) 2 2 o 5 ] > ) > )
* Or inflow, whichever is greater.
¥¥% Or inflow, whichever is greater unless prior approvel has been obtained from

the Dlstricts having prior water rights.

NOTE: These criteria are reproduced from the Operation Manuasl, which does not
uge metric values, so they have not been converted,
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APPENDIX C

SUMMARY OF OPERATION STUDIES FOR ANTELOPE RESEFRVOIR
(Drawdown in Metres)

ACTUAL HISTORIC OPERATION ORIGINAL OPERATION SCHEDULES/
Year September 1 Max, Year - Month SBeptenber 1 Max, Year - Month
1962 - - 0.55 0.88 Sept.
1963 - - 0.2 0.L3 Oct,
1964 hazhﬁ/ 1@.212/ Dec. 0.61 1.13 Oct,
1965 0.03 2.65 Nov. 0.03 0.27 Oct.
1966 1.13 1.73 Nov. 0.98 1.65 Nov.
1967 0.15 0.40 Oct. 0.12 0.30 Oct.
1968 0.79 1.25 Oct. . 0.82 1.28 Oct.
1969 0.2k 0.52 Nov . 0.24 0.52 Nov,
1970 0.40 0.79 Oct. 0.40 0.79 Oct.
1971 5,553/ 13.783  oet. 0.30 . 0.67 Oct.
1972 0.52 0.6k Oct. 0.70 1.04 Oct.
1973 0.85 1.25 Oct. 0.76 1.16 Oct.
1974 0.37 0.88 Nov. 0.21 0.73 Nov.
1975 0.49 0.85 Oct. 0.18 0.37 Sept.
1976 6.25% 15513 oct. 1.31 2.01 Jen.
1977 1@.1§§/ 10*30§/ Nov. 2.80 3.20 Nov.
1978 1.01 2.80 Jan. 0.55 1.3k Dec.
1979 0.88 1.65 Dec. 1.16 1.86 Dec.
1980 0.85 2.38 Jen, 0.46 1.07 Nov.
Average 1.99 3.97 Nov. 0.66 1.10 Oct.
W.8.Elev,
(m) 1 522.62 1 520.63 1 523.95 1 523.52
Burface
Avea (ha) 319 262 350 320

1/ 0.56 m3xa April to June, 0.28 m3/3 rest of year (see Appendix BJ.
2/ Initial filling of reservoir,

3/ Reservoir drained to remove non-geme fish.



APPENDIX € (Continued)

PROPOSED OPERATION SCHEDULES/ ALTFRNATIVE OPERATION SCHEDULES
Year Sentember 1 Max. Year -~ Month Deptember 1 Max, Yeay -- Month
1962 1.0L 1.55 Sept. 1.55 2,32 Sept.
1963 0.58 1.19 Oct. 1.01 2.93 Feb.
1964 1.0k 2.26 Nov. 1.62 3.66 Nov.
1965 0.30 1.16 Feb. 0.73 3.08 Feb.
1966 1.62 3.08 Nov. 1.h6 2.13 Hov.
1967 0.34 1.19 Dec. 0.55 2.38 Jan.
1968 1.28 2.4k Dec. 1.95 L. 30 Dec.
1969 0.52 1.46 Nov. 0.9k 2.62 Nov.
1970 0.82 1.68 Oct. 1.25 2.62 Nov.
1971 0.52 1.3k Oct. 0.73 2.65 Jan.
1972 1.16 2.10 Nov. 1.80 L.05 Feb.
1973 1.19 2.07 Oct, 1.83 3.29 Oct.
197k 0.61 2.16 Jan., 1.01 4,08 Feb.
1975 0.49 1.62 Feb, 0.91 3.29 Jan.
1976 1.31 2.01 Jen, 2.56 2.90 Oct.
1977 2.53 2.90 Nov. 2.7Th 3,14 Nov.
1978 1.01 2.93 Jan. 1.40 Lok Jarn.
1979 0.98 177 Dec. 2.19 2,50 Nov.
1980 0.88 2.38 Dec. L33 b2t Jen.
Average 0.96 1.96 Nov. 1.45 3.22 Dec,
W.5 . Elev,
(m) 1 523.65 1 522.65 1 523.16 1 521.39
Burface
Area (ha) 349 318 33k 283

1/ 0.56 m>/s year-round (see Appendix B).

e
2/ 0.85 mw’/s year-round.



APPERDIX D

SUMMARY OF INDIAN CREEK TROUT
POPULATION ESTIMATES, 1977-80 1/

BROWN TROUT

Age of Fish
<. Jom Do 3 »3
Year  {60-129 mm)  (130-229 mm)  (230-300 mm)  (300-L400 mm) Total
1977 123 66 9 2 200
1978 90 32 18 2 142
1979 668 41 3 1 713
1980 80 228 15 2 325
RAINBOW TROUT
Ape of Fish
<’ 1w Do 3 »3
Year  (50-129 mm)  (130~199 mm)  (200-279 mm)  (280-380 mm) Total
1977 3 6 1 0 10
1978 19 5 3 1 28
1979 17 & 8 1 32
1980 89 36 12 2 139

1/ Annual population estimates at six permanent stations
totaling about 280 m of upper Indisn Creek (1.5 percent).
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AYPENDIX E

RECORD OF TROUT STOCKED IN
INDIAN CREEK, 1950-80 1/

Year Species Size Number
1950 Rainbow Fingerling 39,300
1951 Rainbow Fingerling 1k, 820
19571 Rainbow Catchable &y eal
1952 Bainbow Catchable 4,110
1952 Rainbow Fingerling 1,008
1953 Rainbow Catchable 4,000
1953 Rainbow Fingerling 20,000
1954 Rainbow Catchable 9,540
1955 Rainbow Catohable 11,120
1955 Rainbow Fingerling 3,885
1956 Rainbow Catchable 11,013
1957 Rainbow Catchable 9,989
1958 Rainbow Catchable 10,013
1959 Rainbow Catchable 8,197
1960 Rainbow Catchable 6,73k
1961 Rainbow Catchable h,977
1962 Rainbow Catchable 6,010
1963 Rainbow Catchable 4,633
1963 Eastern Brook Catchable 812
1967 Brown Fingerling 2,500
1971 Rainbow Catchable 108
1973 Brown Fingerliing 5,250

1/ DFG, Region 2 files.



APPENDIX ¥

RECORD OF FISH STOCKED IN
ANTELOPE RESERVOIR, 1977-80 1/

Year Speciles Size Number

1977 Rainbow Catchable 15,000
1977 Rainbow Subcatchable 69,000
1978 | Rajinbow Catchable 20,555
1978 Rainbow Fingerling 230,000
1979 Rainbow Catchable 15,000
1979 Rainbow Subcatohable 8,000
1979 Rainbow Fingerling 2hs,980
1980 : Rainbow Catchable 13,440
1980 Rainbow Subcatchable 19,920
1980 Rainbow - Fingerling 150,000
1980 Chammel Catfish Catchable 6,050

1/ DFG, Region 2 files



January
February
March
April
May

June
July
Avgust
September
October
Kovenber
Decenmber

Totals

APPENDIX G

MONTHLY RECREATION USE AT ANTELOPE RESERVOIR
197h-80 (Recreation Days) 1/

197k 1975 1976 1977 1978 1979 1980 Percent
0 0 0 0 0 0 700 0.1

0 0 0 0 0 0 2,100 0.2
5,300 0 0 0 0 2,500 7,000 1.5
30,300 5,000 3,300 0 0 13,000 9,100 6.4
39,600 13,600 21,400 2,100 20,300 = 29,200 35,300 17.0
32,200 23,600 23,300 3,700 12,k00 57,600 35,900 19.8
19,400 19,500 19,800 2,200 7,500 @ L2,600 145,500 16.4
2k, 800 13,700 6,900 2,200 5,000 51,400 43,800 15.5
15,300 9,800 3,900 2,500 5,500 41,700 23,300 10.7
10,900 11,100 1,600 2,000 19,600 13,700 15,400 7.8
0 4,000 0 0 11,700 13,200 3,000 3.4

0 0 0 0 1,200 8,600 1,900 1.2
177,800 100,300 80,200 14,700 83,200 273,500 223,000  100.0

1/ Reported by USFS, Plumas National Forest
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CORVERBION FACTORE

Metric to Customary System of Measurement

qusntity Metric Unit Multiply by To get customary egulvalent
Length millimetres (mm) ‘ 0.03937 inches (in)
centimetres (om) 0.3637 inches (in)
metres (m) 3. 2808 feet ()
kilometres {(km) 0.621h miles (mi)
] . oy
Ares square metres (m”) ’ 10. 76k sguare feet [(ft°)
hectares (ha) 2710 acres {ac)
" ] o
square kilometres (km”) 0, 3861 square miles (mi®)
Vol ume cublc dekemetres (d&mj} 0.8107 pere-feet (AF)
Flow cubiec metres per second {mﬁfs} 35,315 cublc feet per second (ftaf&}
Mass ¥ilograms (kg) 2. 2046 pounds {1b)
kilograms per hectare {(kg/ha) 0., 8gez pounds per acre {lbs/sc)
Velocoity metres per second {(m/s) 3.p808 feet per second (ft/s)
Concentration milligrams per litre {(mg/1) 1.0 parts per million
Electricsl microsiemens per
conductivity centimetre {us/om) 1.0 micromho per centimetre

Temperature degrees Celsius (°C) (1.8 x %0) + a3z degrees Fahrenheit (°F)



